A commercially available polyclonal antibody and an avidin-biotin-peroxidase immunohistochemical technique were used to detect Brucella abortus antigens in formalin-fixed, paraffin-embedded tissues of lung and liver from 20 aborted bovine fetuses. Thirteen fetuses were obtained from farms with a previous history of brucellosis, and 7 were collected from farms without a history of brucellosis. Among the 13 aborted bovine fetuses obtained from farms with a history of brucellosis, immunoreactivity to B. abortus was detected in lung (9 fetuses) and in liver (1 fetus), whereas Brucella was cultured from abomasal contents in 9 fetuses (8 were immunohistochemically positive). In addition, 11 dams of these 13 aborted bovine fetuses had antibodies to Brucella. Brucella abortus was not detected by immunohistochemistry in the 7 aborted bovine fetuses collected from farms without a history of brucellosis. Bacteriologic culture and serologic tests were also negative for Brucella. The results of this study revealed that the immunohistochemical technique was sufficiently sensitive for detecting B. abortus antigens in formalin-fixed lung tissues from naturally aborted bovine fetuses. Although additional studies are necessary to rule out cross-reaction of the polyclonal antibody with other microorganisms that cause bovine abortion, this immunohistochemical technique could be a complementary tool to serology and bacteriology for the diagnosis of brucellosis.
The identification of Brucella species in tissue sections stained with histochemical techniques is often difficult and nonspecific. 10 Specific Brucella abortus antigens have been immunohistochemically identified 5, 9, 10, 12 in formalin-fixed, paraffin-embedded tissues of cows, goats, and mice using polyclonal antibodies prepared in hyperimmunized rabbits. 10, 12 Because bovine brucellosis is an important cause of abortion and is a human health hazard, 2 it is useful to have as many widely available tools for the diagnosis of this disease as possible. Immunoperoxidase immunohistochemical staining of lochia smears appears to be an useful complementary method for the diagnosis of bovine brucellosis; it has a sensitivity of 82% and a specificity of 94% for the detection of B. abortus antigens in infected cows. 1 The purpose of this work was to evaluate a commercially available anti-B. abortus polyclonal antibody using the avidin-biotin-peroxidase (ABC) immunohistochemical technique for the demonstration of Brucella infection in formalin-fixed, paraffin-embedded tissues of naturally aborted bovine fetuses. The results of the immunohistochemical study were compared with those of serologic and bacteriologic analyses.
Material and methods
This retrospective study was undertaken using tissue samples from 20 aborted bovine fetuses obtained from the files of the Department of Pathology, Faculty of Veterinary Medicine, University of Concepción, Chile. Seven fetuses were collected from farms without a history of brucellosis, and the remaining 13 were from farms with a previous history of abortion caused by B. abortus infection. Samples of fetal lung and liver were obtained at necropsy, fixed in 10% buffered formalin for 24-48 hr, and embedded in paraffin. Tissue samples of placenta were not available.
The Rose Bengal agglutination test 15 was used as a screening assay for the detection of specific anti-Brucella antibodies in all cows from all farms. Titration of the positive sera was done by the Rivanol test. Parallel serologic studies for the diagnosis of leptospirosis were performed using the microagglutination test and Leptspira hardjo, L. grippotyphosa, L. pomona, L. ballum, L. icterohaemorragiae, and L. canicola serotypes.
Smears of abomasal contents of the aborted fetuses were stained with the Gram and Köster techniques; 11 the Köster technique allows the identification of Brucella. Abomasal contents were also cultured on blood agar, MacConkey, and selective agar Brucella medium supplemented with Thayer-Martin a at 37 C with 10% CO 2 . 4, 8, 11, 15 Identification of Brucella colonies was based on standard methods, 15 including tests for ureasa, hydrogen sulfide, oxidase production, car- Table 1 . Detection of antibodies to Brucella by serology in dams, bacteriologic culture of aborted bovine fetal abomasal contents, and immunohistochemical analysis of lung and liver of these fetuses.
Fetus
no.
Serology Culture
Immunohistochemistry* Lung Liver Lung lesions † bon dioxidase requirement, and growth in the presence of basic fuchsin or thionin. 15 Four-micrometer tissue sections were stained with the hematoxylin and eosin and Giemsa techniques for histopathologic analysis. For the immunohistochemical study, 3-mthick tissue sections were incubated with 0.3% hydrogen peroxide in methanol for 30 min to remove the endogenous peroxidase activity. Tissue sections were divided in two groups, one group was incubated with 0.1% pronase b for 10 min at room temperature, and the other group was maintained in phosphate-buffered saline (PBS), pH 7.2. After 3 rinses with PBS, all tissue sections were incubated with 5% normal goat serum. c An anti-B. abortus polyclonal antibody d prepared in rabbit and diluted 1:50 in PBS with 2% normal goat serum was applied overnight at 4 C. After 3 rinses with PBS, tissue sections were incubated with a biotinylated goat anti-rabbit immunoglobulin G c diluted 1:200 in PBS for 30 min at room temperature. Tissue sections then were incubated with an avidin-biotin-peroxidase complex (ABC) c diluted 1:50 in Tris-buffered saline (TBS), pH 7.6, for 1 hr at room temperature. Substrate was 3,3Ј-diaminobenzidine tetrahydrochloride b 0.035% in TBS with hydrogen peroxide. Finally, tissue sections were counterstained with Mayer's hematoxylin, dehydrated, and mounted. e The specific primary antibody was replaced by nonimmune rabbit serum in tissue sections used as negative controls. Sections of lung, liver, and kidney from fetuses collected on farms without a history of brucellosis and in which culture for Brucella was negative were used to check the specific immunostaining of the primary antibody. Tissue sections from lungs of two bovine fetuses in which culture revealed the presence of Brucella were used as positive controls.
In all the cases included in this study, the immunohistochemical analysis and the microbiological isolation of Brucella were evaluated separately.
Results
The most common histopathologic changes in the fetuses analyzed were bronchopneumonia (6 fetuses) or multifocal interstitial pneumonia (3 fetuses). The predominant inflammatory infiltrate was composed of macrophages and fewer neutrophils. This infiltrate was located in lumina of alveoli and bronchi and was less abundant in interalveolar septa. In fetuses with severe bronchopneumonia, moderate to large amounts of fibrin and cellular debris were observed in exudate in the bronchioles and alveoli. Mild to moderate multifocal granulomatous hepatitis was observed in two fetuses. Giemsa staining revealed the presence of coccobacilli located mainly in the cytoplasm of macrophages and in fewer neutrophils.
Results of the immunohistochemical, serologic, and bacteriologic analyses are shown in Table 1 . Positive immunostaining was present in sections of lung (9 fetuses) and liver (1 fetus) and appeared as brown, finely granular intracytoplasmic staining (Figs. 1, 2) . Tissue sections that were not incubated with pronase had a more intense reaction than those sections treated with this enzyme. Immunostaining in the lung was observed mainly in the cytoplasm of large foamy macrophages ( Fig. 2 ) and some neutrophils, as well as extracellularly in the cellular debris located in alveoli ( Fig. 1 ) and bronchioles. Cells of inflammatory foci contained more antigens than did isolated macrophages and neutrophils, which were negative or had weak cytoplasmic immunoreaction. Immunostaining in the single positive liver was located in the cytoplasm of isolated macrophages in the portal infiltrates. Nonspecific background staining was absent or minimal in tissue sections of the lung and mild to moderate in collagen fibers of interstitial connective tissue of portal areas. Specific immunostaining was not observed in control tissue sections in which the primary antibody had been replaced by isotypic nonimmune serum and in tissue sections of the 7 fetuses in which Brucella had not been isolated and that were collected from dams without antibodies to Brucella.
The comparison of the results of the immunohistochemical study and the bacteriologic analysis revealed that in 1 fetus Brucella was isolated, but the immunohistochemical results were negative. Antibodies to B. abortus were detected in the dam of this fetus; however, no histopathologic changes were observed in fetal lung and liver. In contrast, another fetus was positive by immunohistochemistry, but the bacteriologic culture was negative. In this fetus, the serologic test of the dam was positive and the lung of the fetus had moderate to severe multifocal bronchopneumonia with numerous macrophages and fewer neutrophils in interalveolar septa and small airways, where scant cel-lular debris was also observed. Moderate edema was present in the interlobular septa. In another fetus, the serologic test was positive but the immunohistochemical and bacteriologic results were negative. This fetus had no microscopic lesions in the lung or liver.
Discussion
The distribution of the histopathologic changes observed in the 3 organs analyzed from the aborted fetuses is in agreement with the results of previous studies, 3, 6, 7 in which lesions were found mainly in the lung and consisted of interstitial pneumonia, bronchitis, or bronchopneumonia. However, a high incidence of bronchial necrosis (14 of 39 aborted fetuses) was reported, 7 a lesion that was occasionally observed in the present study. In another study, 3 only 2 of 7 and 1 of 8 fetuses had inflammatory infiltrates in portal areas of the liver and in interstitial tissue of the kidney. This incidence is similar to the findings in the present study.
The specificity of the immunohistochemical method applied in this study was adequate; all tissue sections of the 7 aborted fetuses in which the bacteriologic culture for B. abortus was negative and that were collected from farms with negative serologic test results and without a history of brucellosis were also negative. In other immunohistochemical studies, high specificity was also reported, 1, 5, 9, 10, 12 but a large series of negative controls was not used.
The immunoreactivity pattern to the anti-B. abortus serum revealed that the antigens were located mainly in the cytoplasm of macrophages and in some neutrophils and cellular debris. This pattern was also reported in aborted bovine fetuses 5 and in tissues of cows, goats, aborted kids, and mice infected with B. abortus. 10 Serial tissue sections stained with Giemsa revealed coccobacilli, located mainly in the cytoplasm of foamy macrophages, that also were immunoreactive to B. abortus serum. In an ultrastructural study, B. abortus was located mainly within the rough endoplasmic reticulum of trophoblasts; the majority of organisms had degenerated. 9 In this study, the lung was the organ that most frequently contained lesions and that was immunoreactive with the anti-B. abortus antibody, a result that coincides with the high incidence of aborted bovine fetuses with lung lesions reported in the literature. 3, 6, 7 Fetal infection was attributed to the aspiration of amniotic fluid contaminated with B. abortus; aspiration is considered an important Brucella infection route in fetuses. 7 In the present work, large amounts of antigen were observed in the cells of the inflammatory foci, whereas isolated macrophages and neutrophils were negative or had weak immunostaining. This finding is consistent with that of a previous study, in which organisms were concentrated in the inflammatory foci. 10 The minimum number of colony-forming units of B. abortus per gram of tissue detected by the ABC immunostaining was approximately 10 6 . Microbiologic culture was more sensitive; only 5 of 6 caprine placenta and 9 of 14 caprine fetal tissues in which B. abortus was isolated were positive by immunohistochemistry. 10 In bovine tissues, only 2 placentas were tested by immunohistochemistry and bacteriologic culture, and results were positive with both methods. 10 The results of the present study show a similar sensitivity of both the immunohistochemical technique and bacteriologic culture. The discrepancy in the fetus in which culture results were positive and immunohistochemistry results were negative could be due to a low concentration of organisms or to focal accumulations of organisms that are out of the plane of the tissue section, as previously suggested. 10 In previous studies, 10 2 bovine placentas, 2 caprine placentas, and 4 aborted caprine fetuses negative by bacteriologic culture for B. abortus were also negative with immunohistochemistry. The immunohistochemical staining of bovine lochia smears revealed that 36% of the samples were false positives, as determined using standard culture techniques. 1 In the present study, one fetus was positive by immunohistochemistry and negative by bacteriologic culture. The B. abortus antigen in this fetus was located in isolated foci of macrophages and neutrophils. The organisms may have degenerated, as was reported in previous studies, 1,7 the isolation technique could have been deficient, or the antibody could have cross-reacted with another antigen. In the present work, immunoreactivity to B. abortus antibody was not detected in the 7 aborted bovine fetuses collected in farms without history of brucellosis; bacteriologic culture revealed Corynebacterium in 2 of these fetuses and Streptomyces in another. However, the antibody was not tested for cross-reaction with other organisms that cause abortion such as Leptospira, Campylobacter, and Bacillus. Such testing is needed for a more accurate study of the specificity of the antibody.
The serologic detection of antibodies in cows was the most sensitive method of diagnosis for brucellosis in the present study; in one fetus both the bacteriologic culture and the immunohistochemical analysis were negative, in another the bacteriologic culture was positive and the immunohistochemical study negative, and in a third the immunohistochemical study was positive and the bacteriologic culture negative. In these three fetuses, serologic tests of the dams were positive. This finding is not surprising because although cows may have antibodies to B. abortus, their fetuses may or may not develop infection, and placentitis can cause abortion without fetal pulmonary infection. 12 A commercially available polyclonal antibody and an ABC immunohistochemical technique were used successfully for the detection of B. abortus antigens in formalin-fixed, paraffin-embedded lung tissues of naturally infected aborted bovine fetuses. This immunohistochemical technique could be complementary to bacteriology 15 and serology 14 for the diagnosis of this disease, but tissue samples of placenta should be included because experimental studies have shown a high number of B. abortus organisms in this tissue. 1, 9, 10, 12, 13 Sources and manufacturers 
